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X ■ Abstract 
CD ■ 

^ ' The closed form of the correlation functions and the complete form of the am- 

plitude of one closed string Ramond-Ramond (C-field), two fermionic strings 
>■ , and one scalar field in IIB super string theory has been computed in detail. 

^ ■ Deriving < VcV^V^V^p > through using suitable gauge fixing, we discover some 

^ ' new vertices and their infinite higher derivative corrections. We produce both 

I infinite gauge and scalar m— channel poles of this amplitude . In particular, by 

^ ! setting the fact that the kinetic term of fermion fields has no correction, em- 

ploying Born-Infeld action, the Wess-Zumino terms and their higher derivative 
corrections, we discover all the infinite t, s— channel fermion poles. The cou- 
plings between one RR and two fermions and all their infinite higher derivative 
corrections have been explored. In order to look for all the infinite [s + t + u) — 
channel scalar/gauge poles ioi p + 2 = n,p = n cases , we obtain the couplings 
between two fermions-two scalars and two fermions, one scalar and one gauge 
field as well as all their infinite higher derivative corrections. Specifically we 
make various comments based on larXiv: 1205. 50791 in favor of the universality 
conjecture for all order higher derivative corrections (with or without low en- 
ergy expansion) and the relation of open/closed string that is responsible for all 
super string scattering amplitudes in IIA,IIB . 
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1 Introduction 



D-branes [T][2][3] have been clarifying essential tools in most of the progresses in physics 
and in particular in Super string theories. There are evidences such that D-branes will be 
the essential setup for deriving Ads/CFT. As an instance of their dynamical aspects, one 
may talk about the transition between both open and closed string. D-brane physics has 
diverse dual description ( see string dualities Some more examples like D0/D4 system 
with their explanations have been realized in the introduction of [5]. In particular in |6] we 
have shown that how the world volume must appear from super gravity 's point of view , 
namely we set new kind of ADM reduction to IIB which was reduced to space in 5D 
and showed that A(ds) brane world might have been understood. 

By using the correct boundary conditions [7j, it is believed that Dp-branes are hyper- 
surfaces in flat spacetime . 

In IIA(IIB) string theories, Dp-branes with even (odd) p-are related to BPS branes in 
which there is no instability and supersymmetry is not broken. Apart from these properties, 
BPS branes do carry Ramond-Ramond charge. To describe dynamics of branes, one has to 
work out with some proper effective actions, namely one has to deal with bosonic effective 
actions and also distinguish it from its supersymmetric version. For bosonic actions in the 
presence of various Dp-brane configurations one has to look at the basic reference [8]. 

To our knowledge the super symmetrized version of that effective action has not been 
completely found yet, however it is worth giving some important reference [9]. In this 
paper, in order to avoid some details we would like to highlight and more specifically to 
just address some of the attempts which have been carried out in these research topics. One 
might start reading [10] to explore the effective action for a bosonic Dp-brane. To follow in 
detail the derivation of the supersymmetric action once more for a Dp-brane one should take 
in to account [H]. In order to start with a more comprehensive review of Myers terms, the 
Chern-Simons action (for mixed couplings between closed string RR and scalar fields), the 
Wess-Zumino actions ( mixed couplings between closed string RR and gauge/scalar fields) 
and more significantly for Born-Infeld action one may want to go through [121 EH] and all 
their references therein. All the three standard effective field theory methods including 
Pull-back, Taylor expansion and Myers terms have been realized in [T3]. More specifically, 
to extract the necessary vertices from the effective field theory, the method for obtaining 
the higher derivative corrections of Myers, Chern-Simons and also Born-Infeld actions, have 
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been extensively expressed in the Section five of |14] . 

Working out in detail with Dp-brane physics and employing scattering amplitude tech- 
niques , one might hope to realize the importance of open strings in which they provide 
diverse roles/results and probably they would provide fascinating recent physics in near 
future as well. As an example we may hint a conjecture in [15] in which BPS open strings's 
quantum effects might indicate namely the host branes's curvature. 

In the introduction of [13], we have made several motivations/reasons for our continuous 
works , nevertheless it is worth pointing out once more the following points. 

Given some attempts [16], [IT] and [18] it would be nice to find the complete form of WZ 
and DBI actions which is still incomplete. We provide some more data and our S-matrix 
will be of help of its determination. 

Having crucial tools for higher point functions (especially in string theory scattering 
amplitudes) is worth for various arguments such as deriving AdS/CFT correspondence. 
Let us refer to [19] out of so many works as basic papers that involved either the scattering 
from stable branes or dealt with intriguing applications of the branes. 

Within Ads/CFT, there is a concrete relation between a closed and an open string, 
therefore it is of high importance to actually study the mixed amplitudes, namely discov- 
ering open/closed amplitudes with all their higher derivative corrections in detail might 
provide new light in understanding future works. As an example , the new WZ couplings 
and their higher derivative corrections ( which are found by direct S-matrix computations 
) have been applied to realize the A^"^ entropy of M5 brane, for further details section 4.2 
of [5] is suggested. 

These corrections will come from the couplings of branes with lower dimension with 
closed strings meanwhile lower dimensional branes should have been realized as some soli- 
tons. To be more specific in [5] we explored some solutions by solving lower dimensional 
branes within branes with higher dimensions [20]. Another instance is about D{—1)/D'i 
configuration where this system does have N'^ behaviour and this result can be interpreted 
by considering higher order a' Myers terms. Diverse applications for new couplings with 
their corrections in M-theory have been discovered [211 [20] . 
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In this paper we work on the complete form of the amphtude of one RR,two fermions 
and one scalar field in IIB super string theory where both fermions do carry the same 
chirality. We also find out the closed form of the correlators of < VcV^V^V^ > . 

Having set some of the past works on Myers terms and Wess-Zumino(WZ) effective 
actions both for BPS [l2] , [22] , [23] and non-EPS branes [21], [25] and [26], we would like to 
explore all the infinite two fermions-two scalars and also two fermions-one scalar and one 
gauge field couplings as well as all their infinite higher derivative corrections in such a way 
that at the end, we might be able to produce all the infinite scalar/ gauge (t + s + u)-channel 
poles of the string theory (for p + 2 = n,p = n where p is spatial dimension of brane and n 
is related to the rank of H which is field strength of RR). In the other words we do want 
to discover all the infinite effective couplings between a RR, two fermions, a gauge and 
one scalar field by matching field theory vertices with an infinite number of gauge/scalar 
or fermion poles of < VcV^V^V^ > of string amplitude. These new couphngs which we 
are getting to derive might have some applications to F-theory as well as M-theory [27] 

mmM- 

In order to do so, one should obtain two fermions-two scalars , and two fermions-one 
gauge-one scalar couplings and all their infinite higher derivative corrections in IIB super 
string theory. 

The vertex of RR, looks like to the fermions's vertices so one may suppose that, the 
prescription for < VcV aV aV A > in [12] or < VcV^VaVa > in [22] can be applied here as 
well, however we will observe the fact that for two fermion-one gauge-one scalar couplings 
we are not allowed to make use of the kinetic term of the gauge field. Because here there is 
no external gauge field for < VcV^V^V^ > so these kinds of couplings have to be searched 
just by comparison with the field theory vertices with string theory S-matrix and eventually 
their coefficients could be fixed in a correct manner. The complete form of two gauge two 
scalar couplings to all orders in a' were found by comparing with string theory amplitude 
of < VcV^VaVa > in [22]. 

This work illustrates the fact that Super Yang-Mills vertices and in particular two 
fermion-two scalar couplings (also two fermion-one gauge-one scalar couplings) give rise 
precisely the same scalar/ gauge poles as those were appeared in < VcV^V^V^ >. In the 
next publication [28] we show that the same arguments must be held and among the other 
things we will derive all infinite two fermion-two gauge couplings of < VcVaV^V^ > for 
various p, n cases. 
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This paper provides some more information on the universal behaviour of the higher 
derivative corrections [23] even for fermionic amphtudes. Thus our S-matrix does serve 
one more test for universal conjecture which is useful in understanding the full DBI,WZ 
effective actions. It might be also useful for deriving all the singularities of higher point 
functions of either BPS or non-BPS amplitudes. 

This universal behaviour should have origins coming from the deep relation of a closed 
and one open string. This relation may clarify closed string's composite nature only in 
terms of open strings. We describe it further in the conclusion section. 

In the next section, we explain the string computations of a closed string RR field, two 
fermion fields and one scalar field in IIB super string theory (< VcV^V^V^ >). 

Then by expanding the amplitude at low energy limit and by finding the desired vertices 
such as the vertex of one RR,two fermion fields to all orders in a' and also using WZ terms 
we will produce both infinite scalar and gauge u-channel poles for various cases such as 
p + 2 = n,p = n cases. We also move on to produce those infinite t, s— channel fermion 
poles . 

Eventually we summarize our results and talk about the deep relation that does exist 
between a closed string and one open string for the matching of the super string amplitudes. 
We also mention some proposals for future researches [28]. In order to avoid many details 
and to get familiar with the notations. Appendix A and B of [T^ 122] should be considered. 

2 Notations and Analysis of < V^V^V(j) > 

In the following sections we do want to set CFT methods to actually find out the entire 
amplitude of a closed string RR (C- field), two fermions (with the same chirality) and one 
scalar field in the world volume of IIB super string theory. 

Given the vast recent research works on scattering amplitudes, it is indeed impossible 
to address all attempts on this research topic, however one can naively address some of 
the attempts which have been extensively carried out at least for tree level computations 
[291 l30l [3T| [T2| l22l [23] . The needed vertex operators for our purpose are § 

^We clearly consider a' in this paper . 
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{p, q, k) become the momenta of the RR, fermion and scalar field accordingly. Their on- 
shell condition is fc^ = = = 0. Note that is the fermion 's wave function of 
Majorana-Weyl in ten dimension of space-time. 

Spin indices have been raised by C"''^ which is the charge conjugation matrix, 

(P_^(„))"^ = C"^(P_^h)/ (2) 

and also the trace may be found as 

Tr (P_^(„)Mp7'=) = {P_IJI^^-^MX\i''C~Xp 
Tr(P_^(„,)Mpr'^^) = (P_^(„)Mp)"^(r"''C-i)„^ (3) 

where P_ is a projection operator, P„ = ^(1 — 7^^), and the field strength of RR becomes 

n\ '^i'''^" ' ■ ■ ■ ' ' 

where for type IIB theory we do have n = 1, 3, 5 and a„ = 1. 

Final remark for notation is in order. We set doubling trick to deal with just holomorphic 
functions (further details should be looked for in Appendix A of [T4]). 

The amplitude of two fermions and one gauge field has been found out in |32j. however, 
as a matter of warming up and in particular in order to get familiar with notation let 
us work out with the simplest tree level amplitude of two fermions and one scalar field 
< V^V^Vif, >. This three point function at disk level is given by 



■4*'*'^ ~ E I dx^dx2dxs^T {vl~'/'\x^)vt'^'\x2)vj-'\xs)) (4) 

non— cyclic 

Substituting the vertex operators, and taking into account the following holomorphic 
correlators 
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n' 

{(f){z)(j){w)) = -\og{z-w). (5) 
dl]) can be written down as 

X <: Sa{xi) : Sb{x2) : ^P^x^) :> ufu^ (6) 

using 

<: Sa{xi) : Sb{x2) : ^^^(xs) :>= 2-i/2a;r2'/'(x3iX32)-'/'(y)^B. 

and showing the SL{2,R) invariance of the amphtude; we do gauge fixing as {xi,X2,x^) = 
(0, 1, oo). Setting this gauge fixing into (E]), the amphtude becomes 



A^'"'^ = 2-VV7AB«fe.(Tr(AiA2A3)-Tr(AiA3A2)) (7) 

The final resuh of string theory can be reproduced in field theory by extracting the 
kinetic term of the fermion fields 27raV7'^-D^?/; where one has to extract the covariant 
derivative of fermion field and take into account the commutator in its definition D^ijj = 
d^ijj — z[</)*, ip]. 

It is good to know that the Wick-like rule [551 [31] has already been extended in [23 
[26l [T2l [T¥j to find the various correlators of two spin operators and an infinite number of 
fermions and or currents . 

2.1 The complete and closed form of < VcV(j)V^V^ > amplitude 

Having provided the needed details, we are now ready to start finding out the complete 
form (entire result in all a' orders ) of the the scattering amplitude of one closed string 
RR(in the bulk), two fermions with the same chitrality and a scalar field. Regarding the 
chirality of fermions our computation makes sense just in IIB super string theory and the 
entire result can not be extended to IIA (femions do have different chirality in IIA). As 
a matter of fact neither there is any gauge nor scalar {t + s + u)— channel pole in IIA. 



6 



Certainly two fermions two scalars and two fermions,one gauge one scalar corrections which 
we are going to discover can not be used in IIA. The other point is that we show that field 
theory must be fine tuned in the sense that there is no any double pole in string theory, 
even though some double poles might be allowed in field theory (and in particular some 
Feynman diagrams are allowed to have double poles). Nevertheless we trust on string 
amplitude. This < VcV^V^V^ > amplitude can be looked for as follows 



We certainly deal with disk level amplitude and one has to embed all 3 open strings on 
the boundary where RR should be located inside of the disk, also notice that we do clearly 
want to keep track of Tr (A1A2A3) ordering. By replacing all the vertex operators one might 
reveal that the amplitude should be divided to two different parts (^1, ^2)- The final result 
is complicated so we decided to carry out each part of the amplitude separately. First we 
look for (.4.1), for this part we need to know the correlation function of four spin operators 
(with the same chirality) in ten dimensions which can be found in [35] thus we just replace 
it into the amplitude and the result should be read off as 

v4f'^'^'^ ~ J dXidX2dX3dXidX5{P_^^n)Mpy^^uutu2 (^23X24X25X34X35X^5)''^ 

X^[{YC)^s{lt,C)ABX 43X52 - {YC)^B{l^C)A5X45X23]hTT (A1A2A3), (9) 

where Xij = Xi — Xj,X4 = z = x + iy,X5 = z = x — iy, and 

_ ^. QX^(xi)e°''^''^'^^^^^ ■ Q°''^^2-X{x2) . ^a'ik3.X{x3) . ^i^p.X{xi) . ^i^p.D.X{xs) 

Using Wick theorem one gets 

^^/tyX54_\, ,^'2^^^^^ 



1x14X15 / 



By replacing Ji,/ in the amplitude, we realize that the amplitude is SL(2,R) invariant. 
Having set the following Mandelstam variables 



{h + k3y, t= ^{ki + k2)\ u=^{k3 + k2y 



2 ' ' ' 2 ' ' ' 2 

and in particular carrying out a special gauge fixing as (xi = 0,X2 = 1,X3 = oo),one can 
obtain the first part of the amplitude as 
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^1 



A{i'CU{i,C)ab{ 



. —ip 



dzdz I z 



2t+2s-2M _ ^|2t+2«-2/ _ -\-2(i+s+«) 



-Z) + {Z- -z){rC),B{l^.C)A5\^r (A1A2A3), 



(10) 



These integrals on the closed string position can be done to actually get the entire result 
(we propose [36] and the Appendix B of [1^ for further details), therefore the complete 
form of the first part of the amplitude is appeared as 



(p„^(„)M,)^'^ei.^x 



X 



Tr(AiA2A3), (11) 



with 



(2) 



(2) 



-2{t+s+u) 



T{-u)T{-s)T{-t)T{-t -s-u + \] 



-2(t+s+u)+l 



T{-u-t + l)T{-t 
Ti-u + l)Ti-s^ 



TT- 



-S + l)r(-S-M- 

\)T{-t + \)T{-t 



1)' 

- s-u + l] 



(12) 



r(-M - 1 + i)T{-t - s + i)r(-s -u + i) 

This part of the amplitude is not vanished for different cases, for example for n = p + 2 



the first term in (iTTll has infinite singularities in u-channel and in particular it involves many 
contact terms. As it is known the expansion is low energy expansion (which reflects the fact 
that all Mandelstam variables must tend to zero, for further details on the expansions see 
|12]). Hence it becomes obvious that the first part of the amplitude( just its first term) 
does include an infinite number of massless poles, however, we postpone its field theory 
computations to the next section to see which kinds of open strings, namely gauge/ scalar 
or fermion can be propagated. Let us move to the second part of the amplitude. 



Having replaced the vertex operators , it is given by 



A. 



dXidx2dx3dXidX5 {P-Ifi(n)Mpy^^ii{2ikia)u'^U^{x23X2iX25X34X35Xi5) 

X < r^%x,) : S^ix2) :: S^ixs) :: ^,(^4) :: Ss{x,) :> /Tr (A1A2A3), (13) 



in which 

J — F12I \Xi3\ IX14X15I 2 |X23| 13^243^251 ^ F34a;35| ^ F45| * 
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The only subtlety in the second part of the amplitude is how to derive the correlation 
function between four spin operators (with the same chirality) and one current. Here we 
summarize the procedure to actually get it as follows. 

First we need to take into account the following OPE 

■.rr{x,):S.{x,): ~ _l(rn^5;3(x4K4^ (14) 
in which T^" = ^(7^7^^ — 7''7'') and the next step is in fact replacing this OPE (HM into 



< ?/^>*(xi) : Sa{x2) ■■■■ Sp^Xs) :: S^{x4) :: Ssix^) :> 

and make use of the rest of the correlator which is the correlator of four spin operators 
(which has been given in [35]). Of course one has to mention the fact that we must apply 
the same formalism for the other OPE's and finally add them up where the final answer has 
rather complicated result. One unusual check after having replaced the final answer of that 
correlator into the amplitude is about the SL(2,R) invariance of the amplitude in which 
our result does satisfy that condition. The other test of our computation is to produce the 
leading singularities in which our calculation does pass this test as well. 

We gauge fix it as before and we evaluate the integrals on closed string location. Let us 
write down the final answer for the second part of the amplitude: 



A21 + A22 + A23 + A24 + .425 + ^26^ Tr (A1A2A3 



such that 



A21 ~ ^(P_^(„)Mp)^^ei.(2^fci,)MX(r'^^^C),;3(7MC)75 



-u{s + t)Li + L3{-s-t) 



A 



22 



Liius) - -L2 



A 



23 



Li{ut) - -L2 



A2A ~ ^(P_^(„)M,)^'5^H(2zA;i,)n>^(r»*^C)^5(7^C),^ 



Li(st) + -L2 
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A25 



A26 




(15) 



where 



Li, L2 have been found in f|T2l) and L3 can be obtained as 



T{-u - 1 + l)T{-t - s + i)r(-s - n + 1) 



(16) 



The first terms of ^21 5-^22 5-^25 5-^26 (-^23) have just infinite t-channel (s-channel) fermion 
pole and in particular all the terms including the coefficients of L2 are just contact terms for 
which they do not have any contribution to the singularities ( infinite contact interactions 
of one RR, two fermions and one scalar field). On the other hand the first term of A24, has 
just infinite u-channel either gauge or scalar pole. 

Notice that the second terms of A2i,A25,A2e, do involve just infinite s-channel fermion 
poles as well. Finally the third and fourth terms of A2i,A2g are indeed an infinite number 
of massless (t + s + M)-channel poles that in field theory we would clarify which kinds of 
poles are allowed. The important fact is that these infinite poles should be produced by just 
either infinite higher derivative corrections to two scalars-two fermions or one scalar/one 
gauge field and two fermions in IIB. Note that amplitude is antisymmetric with respect to 
the interchange of fermions as it has already been expected. 

Let us make some comments on T-duality. The complete form of this S-matrix can not 
be obtained by setting T-duality to the previous results (see |22l |23] ). since here we do have 
some terms carrying (closed string momentum in transverse direction), these terms can 
not derived by applying T-duality , given the fact that RR does not have winding modes 
in its vertex operator, likewise it is shown in [22] that C(f)AA can not be fully derived from 
CAAA. Thus instead of it we worked with direct computations to find out some special 
patterns for super string amplitudes. 

The expansion is low energy expansion that reflects the fact that all Mandelstam vari- 
ables should tend to zero (t, s, m — ?■ 0) such that this relation t + s + u = —p'^Pa holds. For 
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further details on the expansions see [12]. The expansions can be restored in some closed 
form as 



stLi = —71 



3/2 



5: 6„(-(t+sr+M+ e,,n,mu^istns+ty 



n=—l p,n,m=0 



5/2 / oo y^oo r„nj-m , mj.r, 



oo 



+ E fp,n,us+t+un{s+tnstr]\. (i?) 

p,n,m=0 j 

Where suL^ and utLican be derived by just replacing t u and s u within stLi 
expansion and L2 = — 4(t + s + n)L3 which has just contact terms. Some of the coefficients 
are 

6„i = 1, 60 = 0, &i = ^vr^, b2 = 2C(3), Co = 0, Ci = 

o 

1 19 

62,0,0 = eo,i,o = 2C(3),ei,o,o = 61,0,2 = 77^^^'ei,o,i = eo,o,2 = 6C(3), 

eo,o,i = 77^^5 eg = — tt^, 60,0,3 = 62,0,1 = t^tt"^, ei,i,o = eo,i,i = — tt^, (18) 

7T^ 1 7T^ 

C2 = — 2^(3), Ci 1 = — , Co = -, /o,i,o = /o,o,i = ~2C(3) 
2 3 

It is important to mention that the structure for the coefficients of 6„ are the same as 
the amplitude of one RR and three scalars ( three gauge fields) and it has quite universal 
behaviour |1 2]. however some the coefficients of Cn, fp,n,m do include differences from non- 
BPS amplitude coefficients [26]. Let us move to field theory section and produce all the 
infinite u,t,s gauge, scalar/fermion poles. In particular we study different [u + t + s) — 
channel scalar and gauge poles in order to observe whether or not we can produce all 
infinite higher derivative corrections of two fermions-two scalars ( two fermions-one gauge- 
one scalar). 

3 Infinite scalar ix— channel poles for p + 2 = n case 

One can expand the closed form of < VcV^V^V^ > to actually produce both infinite u- 
channel (scalar and gauge) poles. It was shown in [T2l [HI [22] that the kinetic term of 
gauge field , tachyons and scalar fields do not get any correction. 
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Having set the expansions, let us collect all the infinite u-channel scalar poles in string 
theory as : 



C<j»pip 



n=-l ^"^ ^ 



(19) 



In the above amplitude fi can be both world volume and transverse direction . First let 
us set it to transverse direction fj, = j and extract the trace as 



32 



2(p+l)! 

Thus replacing the trace in the amplitude we get: 



(20) 



^f''^'^ - E^^n(-(^ + ^)"^')^H^f^(7.)ABnf(e'^)---^i74...„Jr(AiA2A3),(21) 

One might realize the fact that the same idea (kinetic terms will not receive any cor- 
rection) must be applied to actually produce all infinite gauge/scalar poles. In the other 
words in below we will show that the kinetic term of fermion fields has to be fixed and it has 
no correction at all. The massless pole should be reproduced by the following non-abelian 
kinetic terms: 



- T„^^— ^Tr {{2Txa')Da<i)'D''<P, + DaTD'^T - ^^^FabP'"' - ^YDa"^] (22) 



(2W), 



These infinite u-channel scalar poles can be plotted as follows: 






Figure 1 : The figures related to all inGnite u-channel scalar poles of Cipipilj 
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For the field theory of an amphtude including massless scalar fields one must consider 
three different approaches to end up with their vertices. Basically these methods are either 
Wess-Zumino (WZ) terms, were introduced by Myers [8], or the needed pull-back methods 
or the so called Taylor-expansion ( given section 5 of [H]). One has to take into account 
the following field theory amplitude to indeed produce all infinite scalar u-channel poles 



A = V^{C,+^,ct>,,ct>)G%{4>)yi{4>.^i.'^2). (23) 

Here we have to employ Taylor expansion to obtain the vertex of two scalars and one 
RR-p + 1 form field as follows: 



Kp + 

where A = 27ra' , such that we can construct the vertex of one RR,two scalars as 



</.!,</.) = ^ ^,^^'^^^^, (-^pOi^4---a.ei.(^")°°---"-Tr(AiA") (25) 

In order to talk about the first simple scalar u-channel pole, one has to take into account 
the kinetic terms of the scalar and fermion field ( the first and last terms in ( l22l) ) as well 
as extracting the covariant derivative of fermion field (as we have just worked out with it 
in the last section). Hence by considering all possible orderings of scalar and fermions we 
get it as well as scalar propagator 



Vf{^,,^2A) = Tp(2W)nf7Vf (Tr(A2A3A'')-Tr(A3A 



Gm = ^r,°^:... = ^ (26) 



— 1/2 

Now if we renormalise the string amplitude f|T9|) by a normalisation factor of ^^^^^ — and 
replace the above vertices in the field theory amplitude of (123|) we observe that, the first 
simple u-channel pole of string theory (ra = — 1 in string side) can be precisely produced. 
However notice that the amplitude has infinite u-channel pole now we come to the key 
point as follows. 

The kinetic term of fermion fields has no correction and scalar propagator also does not 
receive any correction thus the only way to produce all infinite massless poles is to devote 
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infinite higher derivative corrections to the vertex of one RR p + 1 form field and two scalar 
fields as follows: 



2\{p + 



. oo 



n=-l 



where all the commutators in the covariant derivative of scalar fields should be ignored. 
Now we can extract the needed vertex as : 

\2 oo 

Having substituted fl28l) into (|23|) we get all the infinite scalar u-channel poles as 

j—^,^uuti^,)ABU^ E bn ^ , (^")"°-°-g4-a,Tr(AiA2A3), (29) 

I" "I" n=-l " 

which are all infinite u-channel scalar poles inside the string amplitude as we expected. 
Hence to provide all infinite scalar poles we had to generalize the vertex of one RR p + 1- 
form field and we saw that closed string Ramond-Ramond has induced all infinite higher 
derivative corrections to two scalar fields. This phenomenon seemed to be universal as it so 
happens for the other BPS and even non-BPS amplitude (see [T2l [22 1 [23 1 ITS]). In the next 
section we will see that by applying the same idea and by generalizing all infinite higher 
derivative corrections of one RRp — 1 form field ,one gauge and one scalar we could actually 
produce all infinite u-channel gauge poles of the amplitude as well. 



4 Infinite ix— channel gauge poles for p = n case 

By extracting the trace, replacing the desired expansion and setting fi to be located in 
world volume direction (/i = b) in A24 , one can get all the infinite u-channel gauge poles 
in string theory as follows: 



A24 ~ j U^{lb>ABU2 2^0n-{t + S) 



\n+l 

b -r o 

p\ - ■ - M ' 

^(^.)ao...a,_.a5^.^ ^^_^Tr(AiA2A3) (30) 
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Note that here we have ignored the second term of A2A which is just contact interaction. 
The method for deriving contact interactions has been extensively expressed in fi2[ [HI [22] . 
These infinite u-channel gauge poles can be drawn as follows : 




(b) 

Figure 2 : The figures related to all infinite u-channel gauge poles of C(f)ipip 

The following Feynman rule in field theory amplitude for all infinite u-channel gauge 
poles is needed as 



A = lC(Cp-i,0i,^)Gr/j(^)^;(A^i,^2), (31) 

V^{Cp-i,(f)i, A) can be derived by making use of the combination of Taylor expansion 
and WZ terms as 



/ {d,C^P-i) ^ F<P') (32) 

Therefore one can feasibly derive the following vertex of one RR p — 1-form field and 
one off-shell gauge field and one on-shell scalar field as 

\C(C,_i,0i,A) = z^i7;,...^^_^e,,fc,^_^(e-)«o -«.-iaT, (A^A") (33) 

Now by extracting the kinetic term of fermions, having reminded the covariant derivative 
of fermion fields ( D'^ip = d"'ip — z[y4'^, tp]) and essentially by taking into account all possible 
orderings of gauge and fermions, we obtain Va{A, ^1, "^2) as well as gauge propagator 



V^{^,^2A) = Tp(2W)Mf7Vf (Tr(A2A3A^)-Tr(A3A2A^)^ 
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with k becomes off-shell gauge field's propagator {k"- = {k2 + k^Y = {—p — /ci)"). 
Once more by replacing the above vertices in the field theory amplitude of ( 1311) we observe 
that, the first simple u-channel gauge pole of string theory [n = —1 in string side) can 
be precisely produced, we also used the fact that p<^(^£'"Y°"'°'p-^°' = 0. However it is worth 
trying to think of all infinite u-channel poles. We have made some points in the previous 
section and understood that the kinetic term of fermion fields has no correction and simple 
scalar/gauge propagators also do not gain any correction, so the only way to produce all 
infinite u- channel gauge poles is to propose infinite higher derivative corrections to the 
vertex of one RR (p — 1)— form field and one on-shell scalar and an off-shell gauge field as 
below: 

\2. „ oo 

/ rff+V bnia'r^'TT A ■ ■ • D--FD,^ ■ ■ ■ D^J") (35) 

P- •' n=-l 

Now we can extract the needed vertex as : 

\2 oo 

C(C,_i,0i,A) = ^^i/;...^^_^ei.A:ia,_,(^'')"''-'^-^'^ E &n(«'fci.fc)"+^Tr (AiA")(36) 

P- n=-l 

Having substituted into (EI]) we get all the infinite u-channel gauge poles of the 
amplitude as 



a''^ajj7i£ii(iki ) ^ „ ^ 1 

■ ut{la)ABU^ E bn-{t + sr^^eT' -"-^^ HI..^^_Jt (A1A2A3) (37) 

P- n=-l " 

which is exactly all infinite u-channel gauge poles of string amplitude. Hence closed 
string Ramond-Ramond (p — l)-form field has proposed all infinite higher derivative correc- 
tions to a scalar and one gauge field. Again we might wonder about this universal behaviour 
of singularities which does not have any thing to BPS or non-BPS branes . 

5 Infinite s-channel fermion poles 

For the amplitude of one RR, two fermions and one scalar field we realize that there is no 
graviton propagator in s,t channels either. The reason is that for these channels there is no 
coupling between one Ramond vertex operator, one scalar and one graviton as one can not 
saturate the total super ghost charge for disk amplitude, so the only propagator for these 
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channels is indeed fermionic propagator. If we replace usLi expansion in the amplitude and 
simplify it, by extracting all the traces one gets all the infinite t,s-channel fermion poles of 
the string amplitude as: 



A 



-iu + sy^' --{u + t) 

L S 



n+1 



(38) 



Notice that since the amplitude is totally anti symmetric under interchange of fermionic 
strings (s ■(-)■ t), there is no need to produce all s-channel poles rather than we just derive 
all fermionic t-channel poles and finally by interchanging 2 o 3 and s ^ t in all kinematics 
one can derive all infinite s-channel poles as well. It is worth reminding the point that we 
have just kept all the singular terms. One can show all the infinite t-channel fermion poles 
as 





Figure 3 : The figures corresponding to all infinite t-channel fermion poles of C(f)%l)il) 



Let us write down the rule to derive all the fermionic t-channel poles 



A = \4(Cp+i,^3,^)G'„/3W^/^(^,^2,0i), (39) 

Now by extracting the covariant derivative of fermions in their kinetic term ( D^ip = 
(9*?/; — il)]) and counting all possible orderings of scalar and fermions we get V^/3(\E', ^^2, <Pi) 
as well as fermion propagator 

Vp{^>, ^>2, 0i) = rp(2W)Mf Ta^i, (Tr (AaAaA^) - Tr (AsAiA^) 



Tp[2'7ia'j/t Tp[2na')t 
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Now in order to find Vo(Cp+i, one has to find out the new couphng between one 

RR-p + 1 form field and two fermions in the world volume of BPS brane which is in fact 
supersymmtrized version of the known bosonic couplings as follows 



(27raV 

2 



{P 



^ J d^+VTr [Ca,...a,^-f'd,^) {eT^--- (41) 



where equations of motion for fermions must be taken into account (Jv2aU = /^saU = 0). 
By applying the known field theory techniques the vertex of one RR p + 1-form field and 
one off-shell fermion field and one on-shell fermion field can be looked for as follows 

K(C,+i,f,Vi;2) = 2i|^(e'^)'^0--a,^.^ ^^y^^(^.)ao...a,Tr (A3A") (42) 

If we replace above vertices within the field theory amplitude of fl39p we observe that, 
the first simple t-channel pole of string theory (n = — 1 in string side) shall be resulted. 
Again in order to actually derive either all infinite t— or s-channel poles, one has to impose 
the infinite higher derivative interactions to new coupling (HTj) as well. Thus keeping fixed 
the kinetic term of fermion field ( including no corrections), one has to look for the infinite 
higher derivative corrections to the vertex of V^(Cp+i, "^2) as follows 



/ d^'+V f; 6„(a')"^'Tr ■ ■ • D-^-^f ■ ■ ■ D,„9,vi/) {eyo-a. 



(43) 



Now by applying the above higher derivative corrections into fj39|) . we are ready to obtain 
all the infinite t-channel poles. Let us write down the complete form of the Va(Cp+i, ^, ^^2) 
to all orders in a' as follows: 



K(C,+i,^,vi/) = ^^|^i/:,...,y«2(e^)'^--^Tr (A3A") f:Kia'h.kr+' (44) 

One has to point out the fact the commutator inside the covariant derivative of fermion 
field should be dropped out. Note also that in producing all the infinite poles in field theory 
side one has to employ the equations of motion for fermion fields /£2U = As"^ = as well. 

Setting (jH]) into f p9|) one can show that the all the infinite fermion t-channel (s-channel) 
poles are reconstructed as 
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A 



-Ul(7 )abU2 2^ hn-{u + s) ^ 



(45) 



Therefore the closed string Ramond-Ramond p + 1-form field has induced an infinite 
number of higher derivative corrections to two fermions as well as two scalar fields. This 
clearly confirms that this phenomenon ( producing all infinite poles by keeping fixed the 
kinetic term of open strings and by postulating infinite higher derivative corrections to their 
vertex operators) is quite universal and might be useful for deriving all the singularities of 
higher point functions of either BPS or non-BPS amplitudes. 

5.1 Infinite higher derivative corrections to two fermions and two 
scalars and all scalar poles for p = n — 2 case 

First of all let us write down all the infinite massless scalar (s + 1 + u)-channel poles of the 
string amplitude of C^'$(f) for p = n — 2 case. The goal of this paper is to produce poles 
order by order and to actually observe whether or not the universal conjecture about higher 
derivative corrections to all orders in a' ( has been made for bosonic amplitude in [23]) can 
be held for fermionic amplitude? Another goal would be determining all the infinite higher 
derivative corrections of two fermion two scalars in IIB string theory. Having extracted the 
traces, one can get to the singularities 



A 



X 



-t + s)Ls 



The following Feynman diagram must be taken into account 





(46) 




Figure 4 : The figures corresponding to all infinite {t + s + u) -channel scalar poles of C(j)ipip 
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The L3 expansion has infinite (t + s + u)- channel pole, let us see its expansion before 
simplification: 

5/2/ 1 7r^(t^ + 5^ + -»^) ^{3){t^ + + + tsu) \ 

' ~ \2{t + s + u)^ 12{t + s + u) ^ (t + s + u) +---j-(47j 

however, first let us work out just with the first t + s + u- channel pole. Reminding the 
following coupling is worth while for the future field theory amplitude arguments 

I ^'^'^ (^Tl)! ^^^^ 

It is seen in the other amplitudes that the vertex of one RR p + 1-form field and one scalar 
field does not get any correction so to produce all infinite t + s + u-channel scalar poles, 
one has to discover the all infinite higher derivative corrections of two fermion and two 
scalar couplings to all orders in a', in particular in IIB super string theory and in the world 
volume of just BPS branes. The Feynman rule is given as 

A = y^(CpH.i,0)G;^^(0)V^/(0,^,vl/,0i) (49) 

where the scalar propagator can be readily derived from the kinetic term of scalar field and 
V^(Cp+i, 0) is derived from the above coupling as 



Tp{2TTa'yk^ Tp{27ia'y{t + s + u) 



T/^(C,+i,</.) = z(2W)^,^-^(e^')""-"^^:o-a.Tr(AJ. (50) 

Notice that scalar in V"^(Cp+i,0) must be abelian so Tr (A^) makes sense for the abelian 
matrix A^. 

By taking a look at fHH]) one understands that the first simple (t + s + u)-scalar pole has 
to be discovered by a coupling between two scalars and two fermions such that they should 
carry three momenta. One can see that the kinematic factor of (— t + s) get factorized and 
this is in favor of the given universal conjecture for all infinite higher derivative corrections 
[23]. First we write down the most possible desired couplings as follow: 

4 o 
The third coupling is gotten after the multiplication of the kinetic terms of fermions and 
scalars and using the desired expansions ( their coefficients were fixed by comparing them 
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with our S-matrix ( 146|) . for more details see [23]). Note that all the connections(commutator 
terms in the definition of the covariant derivative of fermion fields must be overlooked). 
Let us work out with {^YDb^D''(t)^D''(t)i + D^'^^DVi'^T^^fc^)- In order to produce the 
field theory vertex operators , one has to consider Tr (A2A3A1A/3), Tr (A2A3A/3A1) for the first 
coupling and two different orderings for the second coupling as below: four different possible 
orderings as 

Tr(A^AiA2A3),Tr(AiA;3A2A3) (52) 

where A/3 is related to Abelian scalar field in the propagator. By extracting the first and 
second coupling in ( 15T1) and considering all orderings one obtains 

V^/(0,^,vI/,0i) = zZzi^^u^(^'^)^^n%,(^-fci,^-fc4a0Tr(AiA2A3A;3) 

Now one has to apply momentum conservation along the world volume of brane and makes 
use of the equations of motion for fermion fields such that at the end we are left with the 
following result : 

V^{<P,^,^>Ai) = i ^''^'^l'''^\ iau\i'')ABU^^iA-\ + ^)Tr (A1A2A3A;,) (53) 

Now if we replace (!53|) into (149|) and also substitute (1471) inside (146|) , we will observe that 
exactly the first (t+s+u)-channel scalar pole in fH6l) is produced. However as it is clear 
from the L3 expansion , it has infinite massless (t+s+u)-channel scalar poles. Keeping 
in mind the fact that V^(Cp+i,0) and the simple scalar propagator do not require any 
corrections , one would expect that all infinite poles are related to the infinite higher 
derivative corrections of the two fermions and two scalar fields in JIB Super string theory. 
Let us move to the second coupling. For ^ D (jf Di,(f)i coupling one has to once more 
consider two different possible orderings as 

Tr(A2A3AiA;3), Tr (A2A3A;3Ai) (54) 

where \p is related to Abelian scalar field in the propagator. By extracting this coupling 
and considering all orderings one gets 

V;3^(0,^,^,0l) = -lhaU^{^'')ABu''ii,ui:i{\^\2\z\p) 

one may apply on-shell condition {t + s + u = 0), however this coupling is vanished 
by applying the equation of motion for fermion field (J^sU = 0) so it does not have any 
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contribution to field theory amplitude. Let us now generalize our method to find out all 
infinite couplings (to all orders in a') to produce all the infinite {t + s + u)-channel scalar 
poles. Having taken the following couplings 



+h.c 



3 „ /n+m+3r 



TT a 



Tp ( mTr 



V'^^ (D>''DVi^7"^6^) + h.c 



(55) 



with the definition of higher derivative operator of 'Dnm as 

VnrniEFGH) = D,, ■ ■ ■ D,^D a, ■ ■ ■ D a^E F D""^ ■ ■ ■ D'^^ G ■ ■ ■ H 
V'^^iEFGH) = D,,---D,^D,,---Da„ED''^---D^-FGD'^---D'-H 

we now show that one can precisely produce all infinite scalar poles. Let us focus on 
a„^m. Applying standard field theory techniques, considering hermitian conjugate of the 
above couplings, concerning momentum conservation in world volume direction, using the 
equations of motion for fermion fields and finally taking into account all possible different 
orderingjfl one obtains 



V^i<l), vi>, 0i) = ^Tp^^^^k^aU^{Y)ABu''^^,^- U's^ + |rs")Tr (AiAsAgA^) (56) 

Now if we replace ( 156|) into ( 149|) , we will observe that exactly all the infinite (t+s+u)- 
channel scalar poles in f H6|) can be produced. For instance by putting n, m = we have 
already in this section shown that the first {t + s + u) channel scalar pole has been produced. 
Let us move on with n = 1, m = case. From field theory side we get 

Vlict^, M/, 00 = ^T}^^^k,,u\^'^)ABU^^l, ( " ^ + y) ^^^^ 

However note that again the over all coefficient of string amplitude {kia{s — t)) can be 
extracted from the above vertex and the the rest will be produced by taking the coefficient 
of Ci^i in string amplitude. Note that if we concentrate on bn,m and extract the needed 
vertex we will get 

V^{(j), ^, vj/, (j),) = zTp^^^A;i,n^(7«)ABn%- - ^-u^s"' + ^^u^^Tr (AiAaAgA^) (58) 

•^Notice the fact that BPS branes do not carry Chan -Paton factor so we do not expect to have any 
{—'Dnm), (~^nm) Operators in the above couphngs( the same facts were found for bosonic ampUtudes (see 

m))- 
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However one has to apply on-shell condition s + 1 + u = into above vertex to be able 
to produce all infinite poles. Indeed similar checks for higher order a' corrections and in 
particular for the other amplitudes in fl2\ 122] have been carried out. This ends our goal 
for obtaining an infinite number of higher derivative corrections of two fermions and two 
scalar s to all orders in a'. 



5.2 The higher derivative corrections to two fermions, one gauge 
and one scalar field and the infinite gauge poles for p = n case 

The final sinularities in the amplitude of C^'^(j) ^''^^ related to all infinite massless (s+t + u)- 
channel gauge poles of the string theory for p = n case. The goal here is to actually find 
out the first non zero couplings of one gauge,one scalar and two fermions of IIB string 
theory and to fix their coefficients by comparing field theory amplitude with string theory 
amplitude. Of course, essentially one would like to derive infinite corrections which would 
be nice to obtain them and to see whether or not the universal conjecture about higher 
derivative corrections to all orders in a' [23] holds for fermionic amplitude? Last aim is 
related to fixing the coefficients of all needed corrections which must be looked for by 
comparsion with in string theory amplitude and not by any other tools such as T-duality. 
Extracting the traces one can find those terms as 



A 



,Br 



2tL, 



,(59) 



The corresponding Feynman diagram can be drawn as 





Figure 5 : The figures corresponding to all infinite gauge {t + s + u) -channel of C(f)ipip 
We have already pointed out that the expansion of the L3 had infinite (t + s+u)- channel 
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poles. Let us first carry out field theory argument to produce just the first simple t + s + u- 
gauge pole. The following coupling has been derived in [12] such that 



i(27ia')ixr, f rfP+V— A F (60) 
J (p)! 

It has already been discovered in the amplitude of one RR and three gauge fields [I2] 
that the vertex of one RR {p — l)-form field and one gauge field V{Cp-i, A) does not get 
any correction so one expects that to produce all the infinite gauge poles for p = n case the 
only corrections are turned to the corrections of one off-shell gauge, one on-shell scalar field 
and two fermion fields ( to all orders in a' in IIB super string theory). Thus the infinite 
higher derivative corrections should be explored by matching all the infinite gauge poles of 
C^'$(f) for p = n case with field theory amplitude. 

The Feynman rule is 

A = V:{C,.^,A)Gf^{A)V;;{A,^,^,<f>,) (61) 

where the gauge propagator can be obtained from the kinetic term of gauge field and 
V^{Cp_i, A) is gotten from the ([60D 



Tp(27ra')2P Tp{27ra'y{t + s + u)' 
V:{Cp^uA) = z(2W)/i,^(£^)"°-'^-^'^//,.^...,^_ Tr(A„). (62) 

Notice that the gauge field in V^(Cp_i, A) must be abelian so Tr (Aq.) makes sense just for 
the abelian matrix Aq. 

By taking a look at (!59|) one understands that the first simple (t + s + M)-scalar pole has 
to be discovered by a coupling between a scalar, a gauge and two fermions such that they 
should carry three momenta. Consider the following couplings: 



Tp{27ra'f 



(63) 



which are the multiplication of the kinetic terms of fermions and the field strength 
of gauge field and the covariant derivative of the scalar field (we have set them to have 
general covariance ). We have to highlight the fact that the connections(commutator terms 
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in the definition of the covariant derivative of fermion fields and in scalar fields must be 
overlooked). Let us work out with (l63l) . Unlike the previous section, here the only possible 
orderings for the first and second term of fl63l) accordingly are 



Tr(A2A3AiA^), Tr(A2A3A^Ai) 

where X/3 is related to Abelian gauge field in the propagator. By extracting these couplings 
and applying momentum conservation along the world volume of brane and making use 
of the equations of motion for fermion fields we obtain : 

V^{A,^,^,^,) = /"^^^''^^% ^(7^)AB»%(fci,0Tr(AiA2A3A;,) (64) 

Now if we replace ( 164|) into ( 16T|) and also substitute ( 1471) inside ( l59l) , we will observe that 
exactly the first (t+s+u)-channel gauge pole in ( !59|) is produced. However, as it is clear 
from the L3 expansion , it has infinite massless (t+s+u)-channel gauge poles. Keeping 
in mind the fact that V^{Cp-i, A) and the simple gauge propagator do not require any 
corrections , one would expect that all infinite poles are related to the infinite higher 
derivative corrections of two fermions and one scalar and one gauge field in IIB Super 
string theory. We have already introduced how to look for higher derivative corrections. 
One can generalize the couplings in ( 1631) to higher derivative corrections as well. Given the 
leading couplings in ( 163|1 . one can discover all order couplings as 



= TT V"+™+2TJ a„ „Tr 



+h.c 



7* + 7* + h.c. 



where now for the terms including a„.m coefficients one must replace the following cou- 
pling 

V^{A, ^, VI/, 4>) = z^K^^n^(7^)^^n%, [k^,^-^ (t"."^ + ."r )Tr (AiA^AgA^) (65) 



rather than (1641) into (1611) to be able to give rise all the infinite gauge poles of the 
amplitude. Finally it is worth mentioning the fact that for bn,m. coefficients one must apply 
on-shell condition (t + s + u = 0) at each order of a' to get to the higher derivative 
corrections. It would be nice to find the higher derivative corrections to two fermions and 
two gauge fields to all orders in a' [28] . 
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6 Conclusions 



By applying direct CFT techniques we found the complete form of the < VcV^V^Vfp > 
amplitude in IIB. All infinite scalar/gauge( for p + 2 = n,p = n cases) and fermion poles 
have been explored. The vertices of Vf{Cp+i, 0), V^{Cp-i, A) do not require any corrections 
so all infinite {t + s + u)— channel scalar/gauge poles have provided worth information to 
determine infinite higher derivative corrections (to all orders in a') to two fermions and two 
scalars and also to two fermions, one scalar and one gauge couplings for which we derived 
them in this paper. We also clarified that the same universal conjecture [23] for all higher 
derivative corrections holds even for fermionic amplitudes in IIB. 

It is worth pointing out that in RR vertex operator there are no winding modes so 
applying T-duality is not so effective and in particular in order not to miss any terms in 
the amplitudes and to get to all higher derivative corrections with their exact coefficients 
one has to apply direct computations and we proposed some patterns instead of it. 

Let us talk about a subtle issue regarding the relation of open/closed string vertices in 
II super string theory. For our amplitude which involves mixed open / closed strings, our 
calculations make sense just by using path integral formalism such that propagators (Green 
functions) are found by CFT methods while closed string has (a„, a„) oscillators. It is not 
obvious how to do calculations with oscillators, namely in the first string quantization it is 
subtle how to deal with Some comments are suggested in (3.4) of [37] such that both 
oscillators for closed string are determined with open string's ones. In the other words some 
analytic continuation is needed and this kind of realization implies that the state for closed 
string as a composite state of the open strings. The interpretation in field theory might be 
useful mentioning. 

It reveals that all background fields in DBI should be some functions of SYM fields or 
in the other words background fields must become composite and finally these functions 
would be examined once we work out with the complete open string formalism. Note also 
that super gravity background fields should have included Taylor expansion as was argued 
in [g. 



26 



Acknowledgment 



75, 4724 (1995) f arXiv:hep-th/9510017| 

E. Witten, "Bound states of strings and p-branes," Nucl. Phys. B 460,335 (1996) 
|arXiv:hep-th/9510135| . 



I would like to thank J.Polchinski, J.Maldacena, R.Myers, W.Lerche,S.Stieberger,G.Veneziano, 
K.S.Narain and N.Lambert for having valuable discussions during several conferences. 

References 

[1] J. Polchinski,"Dirichlet-Branes and Ramond-Ramond Charges," Phys. Rev. Lett. 
[2 

[3: 

[5 
[6 
[7 



[9 
[10 

[11 



J. Polchinski, " Lectures on D-branes," [arXiv : hep-th /9611050, ; C. P. Bachas, "Lec- 



tures on D-branes," |arXiv:hep-th/ 98 06199| . 

J. Polchinski, "String duality: A Colloquium," Rev. Mod. Phys. 68, 1245 (1996) 
|hep-th/9607050| . 

E. Hatefi, A. J. Nurmagambetov and I. Y. Park, "iV^ entropy of M5 branes from 
dielectric effect," Nucl. Phys. B 866, 58 (2013) |arXiv:1204.27TT] [hep-th]]. 

E. Hatefi, A. J. Nurmagambetov and I. Y. Park, "ADM reduction of IIB on H^''^ to 
dS braneworld," larXiv:1210.3"825l [hep-th]. 

J. Polchinski, "Combinatorics of boundaries in string theory," Phys. Rev. D50,6041 
(1994) [i[7Xi7:hep-th/9407031] ; J. Polchinski, S. Chaudhuri and C. V. Johnson, 
"Notes on D-Branes," [arXiv:hep-th/9602052] . 



R. C. Myers, "Dielectric-branes," JHEP 9912, 022 (1999) |arXiv:hep-th/ 9910053]. 

P. S. Howe, U. Lindstrom and L. Wulff, 'On the covariance of the Dirac-Born-lnfeld- 
Myers action," JHEP 0702, 070 (2007) |hep-th/0607T56] . 

R. G. Leigh, "Dirac-Born-Infeld Action from Dirichlet Sigma Model," Mod. Phys. 
Lett. A 4, 2767 (1989). 

M. Cederwall, A. von Gussich, B. E. W. Nilsson and A. Westerberg, "The Dirichlet 
super three-brane in ten-dimensional type IIB super gravity," Nucl. Phys. B 490, 163 



27 



(1997) |hep-th/9610148| ; M. Aganagic, C. Popescu and J. H. Schwarz, "D-brane 
actions with local kappa symmetry," Phys. Lett. B 393, 311 (1997) |hep-th/9610249] 
; M. Aganagic, C. Popescu and J. H. Schwarz, "Gauge invariant and gauge fixed 
D-brane actions," Nucl. Phys. B 495, 99 (1997) | hep-th/9612080 | ; M. Cederwall, 
A. von Gussich, B. E. W. Nilsson, P. Sundell and A. Westerberg, Nucl. Phys. B 490, 
179 (1997) |hep-th/961lT59| ; E. Bergshoeff and P. K. Townsend, Nucl. Phys. B 490 
(1997) 145 [ hep-th/9611173| . 

[12] E. Hatefi, "On effective actions of BPS branes and their higher derivative correc- 
tions," JHEP 1005, 080 (2010) |arXiv:1003.03T4l [hep-th]]. 

[13] E. Hatefi, "Shedding light on new Wess-Zumino couphngs with their corrections to 
all orders in alpha-prime," larXiv:1211. 24131 [hep-th]. 

[14] E. Hatefi, "On higher derivative corrections to Wess-Zumino and Tachyonic actions 
in type II super string theory," Phys. Rev. D 86, 046003 (2012) |arXiv: 1203. 13291 
[hep-th]]. 

[15] I. Y. Park, "Scattering on D3-branes," Phys. Lett. B660, 583 (2008) 
|arXiv:0708.3452[ hep-th]] ; I. Y. Park, "Open string engineering of D-brane geom- 
etry," JHEP 0808, 026 (2008) ^arXiv:0806.3330[ hep-th]] . 

[16] P. Koerber and A. Sevrin, "The NonAbelian D-brane effective action through order 
alpha-prime**4," JHEP 0210, 046 (2002) jhep-th/ 0208044] . 

[17] A. Keurentjes, P. Koerber, S. Nevens, A. Sevrin and A. Wijns, "Towards an effective 
action for D-branes," Fortsch. Phys. 53, 599 (2005) |hep-th/0412'271j . 

[18] F. Denef, A. Sevrin and J. Troost, "NonAbelian Born-Infeld versus string theory," 
Nucl. Phys. B 581, 135 (2000) |hep-th/0002180| . 

[19] A. Hashimoto and I. R. Klebanov, "Scattering of strings from D-branes," Nucl. 
Phys. Proc. Suppl. 55B, 118 (1997) [ arXiv:hep-th/9611214| ; A. Hashimoto and 
I. R. Klebanov , "Decay of excited D-branes," Phys. Lett. B381, 437 (1996) 
|arXiv:hep-th/9604065| ; I. R. Klebanov and L. Thorlacius, "The Size of p-branes," 
Phys. Lett. B371, 51 (1996) (a^Xhr:hep-th/95 10200] ; S.S. Gubser, A. Hashimoto, 
I.R. Klebanov, and J.M. Maldacena, "Gravitational lensing by p-branes," Nucl. Phys. 
B472, 231 (1996) |arXiv:hep-th/9601057] ; C. Bachas, "D-Brane Dynamics," Phys. 



28 



Lett. B374, 37 (1996) [aiOCiv:hep-th/9511043] ; J. Polchinski, "String duality: A 
colloquium," Rev. Mod. Phys. 68, 1245 (1996) |arXiv:hep-th79607050j ; W. Tay- 
lor, "Lectures on D-branes, gauge theory and M(atrices)," |arXiv:hep-th/9801182] ; 
C. Vafa, "Lectures on strings and dualities," |arXiv:hep-th/9702201 ) ; ;M. Billo, 
M. Frau, F. Lonegro and A. Lerda, "N = 1/2 quiver gauge theories from open strings 
with R-R fluxes," JHEP 0505,047 (2005) |arXiv:hep-th7b502084] ; M. Billo, P. Di 
Vecchia, M. Frau, A. Lerda, I. Pesando, R. Russo and S. Sciuto, "Microscopic string 
analysis of the D0-D8 brane system and dual R-R states," Nucl. Phys. B 526,199 
(1998) |arXiv:hep-th/9802088| . ; E. Hatefi, "Three Point Tree Level Amplitude in 
Superstring Theory," Nucl. Phys. Proc. Suppl. 216, 234 (2011) |arXiv:1102.5042] 
[hep-th]]. 

[20] E. Hatefi, A. J. Nurmagambetov and I. Y. Park, "Near-Extremal Black-Branes with 
n*3 Entropy Growth," Int. J. Mod. Phys. A 27, 1250182 (2012) |arXiv:1204.6303l 
[hep-th]] 

[21] J. McOrist and S. Sethi, "M-theory and Type HA Flux Compactifications," JHEP 
1212, 122 (2012) |arXiv:1208.0"26n [hep-th]]. 

[22] E. Hatefi and I. Y. Park, "More on closed string induced higher derivative interac- 
tions on D-branes," Phys. Rev. D 85, 125039 (2012) |arXiv:1203.5"553l [hep-th]]. 

[23] E. Hatefi and I. Y. Park, "Universality in all-order a' corrections to BPS/non-BPS 
brane world volume theories," Nucl. Phys. B 864 (2012) 640 j arXiv: 1205.50791 [hep- 
th]]. 

[24] E. Hatefi, "On D-brane anti D-brane effective actions and their corrections to all 
orders in alpha-prime," larXiv:1211. 55381 [hep-th]. 

[25] M. R. Garousi and E. Hatefi, "On Wess-Zumino terms of Brane- Antibrane systems," 
Nucl. Phys. B 800, 502 (2008) |arXiv:0710.5875l [hep-th]]. 

[26] M. R. Garousi and E. Hatefi, "More on WZ actions of non-BPS branes," JHEP 0903, 
08 (2009) |arXiv:0812.42l6l [hep-th]]. 

[27] C. Vafa, "Evidence for F theory," Nucl. Phys. B 469, 403 (1996) |hep-th/9602022] . 

[28] E. Hatefi, "Work in progress" 



29 



[29] S. Stieberger, " Open, Closed vs. Pure Open String Disk Amplitudes," 
[arXiv:n9n7.22in [hep-th]]. 



[30] C. Kennedy and A. Wilkins, "Ramond-Ramond couplings on brane-antibrane sys- 
tems," Phys. Lett. B 464, 206 (1999) |arXiv:hep-tli/9905195| . 

[31] L. A. Barreiro and R. Medina, "5-field terms in the open superstring effective ac- 
tion," JHEP 0503,055 (2005) jarXiv:hep-th/0503182|. ; R. Medina, F. T. Brandt 



and F. R. Machado, "The open superstring 5-point amplitude revisited," JHEP 
0207,071 (2002) |arXiv:hep-th/020 8121] ; L. A. Barreiro and R. Medina, "Revisit- 
ing the S-matrix approach to the open superstring low energy effective lagrangian," 



JHEP 1210, 108 (2012) [arXiv: 1208.6 066 [hep-th]] ; A. Bilal, "Higher derivative 
corrections to the nonAbelian Born-Infeld action," Nucl. Phys. B 618, 21 (2001) 
[hep-th/0106062| . 

[32] J. Polchinski, "String theory ",Vol 2, Cambridge University Press, 1998 

[33] H. Liu and J. Michelson, "*-trek 3: The Search for Ramond-Ramond couplings," 
Nucl. Phys. B 614, 330 (2001) |hep-th/0107172] . 

[34] V. A. Kostelecky, O. Lechtenfeld, W. Lerche, S. Samuel and S. Watamura, "Con- 
formal Techniques, Bosonization and Tree Level String Amplitudes," Nucl. Phys. B 
288, 173 (1987). 

[35] D. Haertl and O. Schlotterer, "Higher Loop Spin Field Correlators in Various Di- 
mensions," Nucl. Phys. B 849 (2011) 364 {arXiv:1011. 12491 [hep-th]]. 

[36] A. Fotopoulos, "On (alpha')**2 corrections to the D-brane action for non-geodesic 
world- volume embeddings," JHEP 0109, 005 (2001) [arXiv:hep-th/0104146| . 

[37] M. Billo, M. Frau, F. Fucito and A. Lerda, "Instanton calculus in R-R background 
and the topological string," JHEP 0611, 012 (2006) |hep-th/0606013] . 



30 



